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RESEARCH AT TIR STANFORD CENTER FOR. RADAR ASTRONOMY

A

IRTRODUCTION

The Stanford Center for 'Radar Astronomy (SCR4) is a joint

'vanture of Stanford Univer-t y (SU) grd the Stinxore Rescerch

Institutc (8R1) to facilitato cobperativa a!fcrtn ‘scientiflc,
enginaoring and graduate student training) in radar astronomy

and space s¢ience, Tho common 1ntorast in. this Iield has grown

Aout of basic and. applied ra:earuh progrnms at both xroups Zor

radar studies of the uppar atmoephﬁra tnd in%arplnnsiary space,

RASA grant NaG-377 funds ‘have be¢n usnd for & nutoer of’

theoretical and exparimsntnl 1nvoa2’gaciom in radis aad redar

studies of wpace, plasmas (the : atarplunotsry 3;&1La, ths earthte .

magnatosphoric waks, tbe~solir ccxcna, planeta:y 1$fosphkra,

ate,), lunar‘and planetiyy rurfazes, cowmuniczatisn theory, end
ép;cecnft ingtrumentation,

An important result obtaiced duricg h& reporting poriod
hag cgke fécm processicg tbe 4lrany sni rfon—rqfleatem S-ﬁtna
signals transgitted by.Zunnr_Crbﬁ?gr ToX. Tﬁ@ue aigrelia, when
properly analyzad, showld pw§du:a ® twa-digsnsicnal surfase fmege.
To date, prelininary anelyeriz 8 located aavaral\ruﬂio frequsncy:.
bright spots which correspond itk 7isuel fsaturss and which slau
gtand out in earth-bas2d, woacivnsils, rauge«&app;er, radayr naps,

Since the olanetary applizcacien 2! sfatatic ralar mapplng ig very
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promising, two diZferent arocesntng tachniques are being purnued
ainultanooun]y-mona opttcal and the othcr digitnl A papor ia
now ifi press [Tylor, G, L., ot al, Bistetic-redsr detsctien ot
scattering csnters on the moon uaing Lmnar Orbiter I, §exance,
in press] describing 1n1tial roaultﬁ, snd & diaaertatioa has
been completed on the brond aubject of bistatic redar for planetary
surface studies. The prosent atatus of this work is described

in this report under the héadxng “fl;netary Surface Mapping”

The final results of the Fﬁ-C! lunar radar program_have now

been pablishcd [n. T. Howard,<~. ueephys. Res., T2, June, 1967).

It is important to note that ;fter_t;e publication of Scientific

ﬁeport-Nb.'lﬂ ENsG;377,~SU%SEIrSG-lég], nevwly analyzed data from
Eﬁplcrer 22 for the expariment peg;dd begame availapleﬂ CSmparison'
of these results with the Ra&ag and Syncom asasurémenfs ande it
clear that thé large electron consentrations previouslj a;tributeﬁ
to the earth's "tail™ were, in fact, Iocatedtbotvoen 1009 km and

-y

the plasmapause, Thas, it 16 concludsd, that, within the 7
electrons cm-3 accurscy of the conbinedhmeaaurément, the elac-
tron number density in the geomsgnstic t§11 i nct wmarkedly gif-
ferent from that of interplanetary spele, ‘

In the following secticn,‘briaf ruyorts:nra given of the soti--

vities of graduate students and rasesrch sssociatps during the

period,
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Monostatic Radar Astronomy

During the last reporting poriod,'a gonsidersbls amouat ot
the 6~ and lz-metir lunar chirp radar date was recduced digitaliy

20 display echo pom@r ag a functica of range, Before ihis éoﬁié'

be done, it was nscesaary to deterwine exactly rhat ralmtinn the nxgw'

nals recorded on tapo hnd to the desired poverbversuSwranse i%f&r&ﬁ’-

tion and tc find a suitsnlo gection from zho many daye of dats ﬁe
analyze, A progrem for the IBM 7090 was writien to do the necon-
gary spectral snalysie on tho proper soctibns'@i the prxaviously

diglitized data, This progras uses ths Coolay~-Tukey method to

take the Fourier trtnatorn rspidly-nnd manipulatem the date a0

that the spectra aro over-sampled \1 »,, baving half the frequenzy

separation betwesen estimates than iwm thacrotically necessary)

.and so thbat both the 6- end 12-weter data are-énal?zea simul-

taneously., About L0 minutes of data (about 500 echoes} have
besn sanslyzed so far,

The interprutation of these eochoes 13 the naxt step, " The
rangs resclution of the :vctﬁn is ﬂiigh*ly 1arg$r than 10 usec
waich 18 conzidersbly better than previcusly ebiained st thess
wavelengths, :o‘tha scatttring proverties of the moon can b2 ex-
aninad in greatser detail, particularly ipce the leading-ecgs
spike cuan be resolved,

An individual echo sppesars to cousist of a numder of nigh
peaks superimposed on R regged but less variable Dackyround,
narticuliariy st 12 weisrs. Cecaatonally, the " grding-sige pesk”
iz Rot sves ths highost, but in gensral both fhe awplitvie asd

ihe nunber of naxka decragse wivh incraaping Fungs. Sintm maay

[
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peaks persist for 15 seconds or more, it is felt that specular

reflections sccount for most of the scattering. -

To test this hypothesis, seversl things iill be tried.
Thage include ;orrelatiné the echoes at & and 12 meters éinée a
specular reflecting point phou1d~be simultaneously specular to’
both frequencies; and atténpting to measure the polsrization of tihe
echoes (on the averagé) using the natural Feraday rotation,

Dﬁring a Faraday fade, the depolarized component of ths echo

is received and specular reflection doesn®t depolarizé tho'signnl

'whoreas the diffuse componaat tands to, It is also hoped to

cobtain a'disiribgtibn funciion for the specular compensut by

merely counting speculir.pcints.

Planetary Surface Happing

Efforts have baen.directea toward the development of bistatic
radar techniqdeu for the imaging and ths study of plaﬁctary
surfaces, During the current reporting pericd, this has involved
activities.in four aress: the collactiou‘éf flight data from
Lunar Orbiter 111 continued with an optizal processor for dafm
reduction, the implememtation of fast computer sigoritamg for
digital data reduction, and the completion of =« theoretical analy-
sis of the technique.

1. lunar Orbiter Ill

Luanar Orbiter IIY ®as used &8 o tranamitting sourcs o
obtain signals from the surface of the mwoon; Theo epacecrelt niple
gain antenna was uped to diract the transmdawxlons towsrd localiized

rogions of the lunar surfece, In sli, 11 wvs¢ possible Lo gean uyes.

N
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digtinct areas of the disk. Tné‘first ol these was fhe crater
Langrénqs, whi;hvie 8 sdap&rativaly,hqw_zeaturg-known to ba a géod.,'
redar scatter frem grouédébisoé igdéx obsarvnyionw. Extremely
strong signals were chteined n thts aSneivatioh, and time-tre-

quemcy-apoétrélyanalyais revesls considerable. radar structure of .

the crater and of the surroundimg srea, Tho gecond observation.

-covered a otrip which»sf&its Just &bové the crater Colomho,

continues across Mare Pécnnditatea, and passes below Langrenus.

The observation has several very Kiutinct‘timé frequency traces

near the origin‘ozsthe:rgcord which bave besn tsnﬁatively 2880~

 ciated with full-mdom bright objecte on the western shore of

Fecunditatis. The thixd obsatfntion_acannid the sres of Apollo

sites 1 and II, Tﬁe'dnalysin #0 tar has not revesled any distinet

‘ radqr features in this ares,

2, Optical Processing Tschnigues '

. VWork iq this ares has consistgd of "refining the techuiques
developed in the preceding report périod. The foliowing hun baen
accomplished, |

'- &) The reconstruction nnisa‘powér associated with thé
opticai system itazelf has been reduced spproxivately
23 ﬂb, |
b) Primafy observations have been eliminsted,
_ Simple procedures have been daveloped for sligning

the record in the i1lluminating mlit,

Wt



d) Computer techniques have bosn developed for pre-
proceiaing the dats in prepuration’tor optical rséén«y
- struction,
) fﬁe quantitativo'reln}lbnghié between the simuleted
data and ths sctusl dste have been cbtained.

In spite o2 those_ﬂﬁvpncei in the qualiily of the procsasing
uystém, a recoznizahic‘chonstructién his continusd to @lude us,
_However, there are gfill some refinimerts invelving adiftioral
pre-processing ot.th; dats, whish have yet to hgjrszlized.
| 3. Digital Prosé#sing Tectniecnss

Thﬂ f;st;algcrithms meationsd L3 the yrecedixg rsvort
have peon 1mplomenteﬂ ﬁn@ arg in uné kY eevarsl mexnsrs ofuths
Stanford Center for Radqr intronrmy, Stutles a¥e naw‘under way
to determine the most efficim: sverell zelh>ds 7>1 variovs types
.of spectral anslyszis whila c:nﬁqraing > %h;'peculiavities cf .
the algoritbms, Eventusily, thascs techulgues wiil be appii@d to
the redar imsging probiasw, |

4. Theoretica: Scudies

A thesia.(Ph.B.) enti®lad "istetic-Radar Imaging and
Heasurement Technigues for the 3Tudr 2! P aaetery Surfaces” has
been completed, Much of this wmrk vas ccwpleted and compiled

during this report period.

* Boler Radar Program

o i -~ o in =i [ SV i £ - O L T
Reductaon of dats taker wiwr tue Sranfsxd solar reday syates



during the summsrs of 1963, 196k end 1965 has been completed. .
The results indicate that the sverage cross-section of the sun
during each of these thre@ investigation pericds was less then, ,

one photospheric area.  This was canciuded since no pomitive

indication of returned sigunals wsre evident in any of tre

dats, oven when eil of the over 200 runs wore summed together,

and that ihe system sensitivity 1s such thst a signal (via summa-
tion‘ot many runa) corvesponding o ous photospheric crosa~
section would be deyoctnblo. |

The validify of the'lyatcn bax bSoan Jdemonstratsd by considering
each segmont of thg overall nystaﬁ and verifyving its proper opar-

ation. Briefly, the following deecribed the caecks of the major

.components in the system,

The proper difactién cf the antenns hes teun varifi&d by
tive years of iugar radsr esperimgnts uylrg the ssnme transmitter
and antenna} Tﬁé calcuiation 34 intenﬁa parasateors is identical
for luﬁar and solarvwork.

The anglog-to-digital conversinn and the regultant cross-
correlation was varified with test gignals of various types,
Finally, use was made of solar redar fata taken at the N1 Campe
Station of the MIT Centor for Sraze E¥ssarch, Their dacta was in
& nesrly identicsil format t2 our c¢wa ang it was raduced on our
systems, ﬁcho indiecations ware obtuined with the sams'nagnitude

gs MIT obsearved,



In conclusion, th‘ Q@dtr_croun—gection spperrs tc be ét "'-
least as small or snalle§ ét.as Wz (the'Stnnfoéd Frequency )
than at 30 MHz /MIT treguency).during the years of low solar ' )
activity. This is nat'in‘ggrgemant tdth‘tho prasent thacry»which‘pr§¢
dicts the opposite came, Sinca the MIT group is still ébtaining
relgtively weak echoes, no sttomﬁts pre baing nmzde at presert
to obtain echeoes st Stunford,

A thesis {Ph.D,) entitled "A Radar Investigaiicn of the

Solar Corona” has been completdd during the reporting period,

Spacecraft Instruments and Techniques

Since the originel development of'ib& Stauforid Fioneer and
Mariner Instruments & number of y@afu age, the stato of ths
‘traniistor'nrt has advanced cinsidexabls . One =¥ the‘beaic
limitations to the ultimate range capability baé baen raceiver
rnoise 1$ the 423.3 M= chacnei. Row a-xxall {less than 50 gruws)
preamplﬁ:ior has been desigred and corgtrusiad, At 8Steniord
Research Institute, thie asumplifier is &Q by inserted in the
antenna lead and will lmprove the receiverts UHF perforunsnce
by 6 to & db, Thia eans that the instrument will now bs capuadbie
of producing nesrly error-fréa Gate at rénge greater toan 2 AU,
How that the package iz noarly zoaplets, the BCRA has proposed
to Ames Raaégrch Canfer thet it h> flown on Plonecrs C,'D, angd E,

VWork bhas continuned on tha gwitching bﬂndnéﬁaé filter projisct,

This filter uses mulitipls paths, each contsining zempling switohes



and 1o&-,a~3 filters to obtain a band-uass characteristic., Ti-
center frequency and bandwidth are eiectfﬁcally-tunable.

The offects of distortion on the charactsristies of this
filter were studied., It Qad found that’somﬁ distortion componeuts
. cancel in tha'output.. Wh&qb compoﬁents ceancel dépﬁnds an;he.nnmhe:h
pf p#ths in the filter, Ths ssu%cas bf distortion in transintor‘
ampl@fiers was studied agd it was found that distortion was a
miniwum at a cpqcirig biae point.A This is so hecsuse di;tortion
due to nonlinear input 1mpedanéd:and ngnlinghr transfer charscter-
‘igtics tend to cancel af ;his bi&s level,

The problew otgconetructiné #jlow-paﬁs fiiter én an integrated
cirnuit was oonsiderahwand ons solution is proposed. This sclutgon'
1nees the source impadance agd the input'cspacitnacg of an am§1i~

Atier to schieve a low-pass cbﬁractsr@stic. The input capacitancs
”conststg of the diftunion cnpécifance and tya miller capecitsnce
in parallel, _This éapaésiancs can be msde imrwo by ﬁakigg eb

and O 1arge and £ small, This can be achisved by Judicious

t

choicé of shest resistivitiss end diffusion times. Untortunately,

this means that the low-pess filters would haﬁe to be buillt on

s separate chip., The bandwidth of this filter is inversaly

propdrtional-to !e,' thus giving a linaaf'tuning charactoeristic,
The possibility of the realization of transfer function and

driving point smittance funstion by using digital slements brs

heen investigated, It has beosn theoveticeily worksd out tiat



any trausfer function can be realized hy‘intérc&nAGEting digital
integrators and addors (digital 1ntexrat@ra are the counter pnrt.
of analog intogrator; and conaitt of two or threc registers and
adders). In"particular, roai time digitkl filters (the vounterpar;'
of continuous. filters dealing with digital sigrais, can be’ designud
in this fashion, For exanple, & low-pass or a band-pass filter
can be constructed by uaidg 1.C, digital integrators, 5y usiog
this;method, filtor‘on a chip might So_accomplished.

wWith approprfﬁte‘faedback ccnfiéuraticn,vdriving point emit-
tance functions can ge pfoved to be raalizable by usigg digitsl.
elementn associated vith analog~t0—digital converters, ﬂope-
fully, inductors snd capacitors can be constructed in thig fashion, .
Many other network functions can alsc be implemented subiect to
‘no restrictions such. as thoée,dua to thé limitations of the
conventicnal RIC elements, | 4

The mothod-deveiopeﬂ ahouid_hava sevarai ad&antages 6ver
those exisiing onss, No realizability nrohlem arises, The
realiéation ot nsgﬁtive slements 18 as essy a3 posiiiva olements
and no axtra effort is required., The natwork realized can be
integrated and the size of.it is indepsndent of the froguenay
as long as tpe froquency is not too high,

Work or herdwars design and network furcijon ilumplemeatation
is continuing, Further development and applications by the pre-

scribod method are stiil under investigation,



A study of telemetry radio frequeacy tachniques hes staited
with the goal of improving range Qaphbility. .f!, for example,

it wore possible to détac;"b1~phase uoduiated signais in an ui-

" timum fashion without a ffﬁnsnittad,pilot caryier, an appreciashle .

saving in transmitter power, or aztanni§5 of transmitter range,
would result, Here, “optiﬁum fashion" neans the lowﬁst pcssible
error rate‘for a given tr;nsmittor POWEY,

it turns out that this cen'be échievod, at least in theory,
by passing the received bi»phaue sﬁgnsl through a aguprgr to
yiéld a coherent componeht*it twice the wipnsl carrisr freguency,

Thie new component can ba trnck-&rby a narrui'phxse~locked loop .

‘to yield a stable reference that can bs used to demodulate the

received signsl.
It has been shown that this schemc will outperform sny system -
;hat depends on a transmitted cerrisr fos gynchronization but

n

how does one go ebout "squaring” a VIF zigﬁai?’ ¥het acrt of
componénts would bé best suitedd for tye Job? S8Scme experﬁmantal
work is planned that will help answer these and othér guesiions
about the practical spplication of ihé gquaring-loop technijue
for datsa demoduiatiea.

Algebr#ic structure theory of automeia i8 being pursied,
Two closely related problems are beirg worked with hopes of
finding a8 broadly useful codéapt of thse complexity of s automaton,

Winograd [Winograd, S., On the Time Hequired ic Perform Addition,

J. Assoc, Comp. Mem., 12, 1965, 297-263] hae given a lower bovnd

11



75

'tncludo ‘any group or ac:igroup ' Thus, 1t can be pyplioﬂ to a ,j. '

. q;th_actual realizatiga oxvthona4nntonat:.',wiﬁsgrad-gives cir- )

¢

. !ov hat long 1t takon ‘ diaQerc tinn notwork to eoupute th. binar& .
" S P
-annration tor nhol&nn srnupu, - uts rosu;t hnﬁ'he@n extaadad to ‘

’

- o -

hrond class of antomntﬁ qn’ 2 prac*ical cannc, Piﬂu@ it 4s conccrnad 4” ‘

. cuits which &re close to aytﬂmgl'fbr sbelian groups and the same

ﬁas bedn ddne for‘soné nqneabalian.gfonps. It may be possibla
to sérengthen the above bound 1n'ao§e cases and to'axéené the
class of examples, o

- Also under investig&iion-:xa'rolationahﬁps between the classif
cal flow table degctiptiqﬂ of a £§qgent1a1'uach1no and the newer.
aisebraic'deéciipiiopb' A;y,autondton’éan be viewved az 8 Wachine

which does semigroup multiplication precedsd by 8 memoryless

" encodey and followed'by a nsmnryless decader. The relatiouzhxp _

of the properties of the maps to the properiies of the flow

tzble has not been extensively invcstthtad; Somes of the results teo
éate concern cond;iéoni unéar'ﬁhich‘%thﬁeng whange the mschine

of tho pemigroup to which thesy are nttachod aﬁd'the.ralatianahip'
of tne maps to the neﬂory oi th- nutcmuﬁon.

Autamate theory is ncteﬁtially important in mppiication to

. code generation ang artificlsl intelligence, Tt is alge usaful

a8 a way of viewing a commutication ckancel which i8 mowewvhat
ditferent tfom conventional methode, Thua, it can be expacted

to vield resultw not obtaiuable in coavaenticonal thoory.

~
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